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ABSTRACT 
 
 
 
 
A research is conducted to study on preparation of nitric acid from nitrogen 
dioxides using photocatalytic method. Due to the increasing pollution of oxides of 
nitrogen (NOx), production of nitric acid is vital in reducing the oxides of nitrogen 
release to the atmosphere. Nitric acids are one of the most important inorganic acids 
and commonly used as laboratory reagent and an important industrial commodity. 
Moreover, oxides of nitrogen are the major contributors to acid rain and ground-level 
ozone pollution. The main objective is to convert from waste to wealth by preparing 
nitric acid from industrial waste which is nitrogen dioxides. A photo-reactor with 
1000 watt Metal Halide Lamp was used to optimize the production of nitric acid. The 
result from the experiment will be analyze and compared with the pure nitric acid. 
This method is efficient and economical. 
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ABSTRAK 
 
 
 
 
Sebuah penyelidikan telah dilakukan untuk mempelajari teknik menghasilkan 
asid nitrik daripada nitrogen dioksida dengan kaedah fotokatalitik. Sehubungan 
dengan peningkatan pencemaran oksida nitrogen (NOx), pengeluaran asid nitrik 
adalah penting dalam mengurangkan pembebasan nitrogen oksida ke atmosfera. Asid 
Nitrat adalah salah satu asid bukan organik yang paling penting dan sering digunakan 
sebagai reagen makmal dan juga penghasilan produk-produk di sektor industri. 
Selain itu, nitrogen dioksida adalah penyumbang utama hujan asid dan pencemaran 
ozon. Tujuan utama penyelidikan ini adalah untuk menukarkan bahan buangan 
kepada sesuatu yang lebih bernilai dengan menghasilkan asid nitrik daripada sisa 
industri yang tidak digunakan iaitu nitrogen dioksida.  Sebuah photo reaktor bersama 
lampu metal halide berkuasa 1000 watt digunakan untuk mengoptimumkan 
pengeluaran asid nitrik. Hasil dari eksperimen akan dianalisa dan dibandingkan 
dengan asid nitrik tulen. Kaedah ini adalah efektif dan menjimatkan. 
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CHAPTER 1 
 
 
 
 
INTRODUCTION 
 
 
 
 
1.1 Research Background 
 
 
Nitric acid is one of the most widely used acids in the Chemical Processing 
Industry.  It is a key raw material in the production of ammonium nitrate for 
fertilizer, and is also utilized in a variety of manufacturing processes, including the 
production of industrial explosives, dyes, plastics, synthetic fibers, metal pickling 
and the recovery of uranium. As the demands on nitric acid process equipment have 
increased, material selection for that equipment has become crucial. Suitable 
structural materials need to be cost effective, reliable, durable, efficient, and non- 
contaminating to the product and the environment (Anarita, 1996). 
 
 
Previous research which related to this topic is the Haber and Ostwald 
process. The commercial synthesis of ammonia began, not with the peaceful use of 
fertilizer, but with the necessities of war.  During this period, the chemistry of 
ammonia synthesis was being explored by the German chemists Fritz Haber and 
Walther Bosch who found that it was possible to produce ammonia from nitrogen 
and hydrogen by the process (Anarita, 1996):-  
 
 
N2 + 3 H2    
iron catalyst
   2 NH3 
 
 
Previously the problem had been that N2 is a very stable molecule, and so 
most attempts to convert it to less stable molecules, such as NH3, failed because of 
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thermodynamic or entropy problems. The secret to the Haber-Bosch process proved 
to be a catalyst of iron with a small amount of aluminium added (aluminium was at 
the time an exotic and expensive metal that probably attracted Haber's attention as a 
novelty) (Anarita, 1996). 
 
 
Today related research for production of nitric acid from European Fertilizer 
Manufacturers‟ Association (EFMA).  All plants for the production of nitric acid are 
currently based on the same basic chemical operations. Firstly, use oxidation of 
ammonia with air to give nitric oxide. Next, the process continues with the oxidation 
of the nitric oxide to nitrogen dioxide and absorption in water to give a solution of 
nitric acid (Bayless, 2007). 
 
 
The efficiency of the first step is favoured by low pressure whereas that of the 
second is favoured by high pressure. These considerations, combined with economic 
reasons give rise to two types of nitric acid plant, single pressure plants and dual 
pressure plants. In the single pressure plant, the oxidation and absorption steps take 
place at essentially the same pressure. In dual pressure plants absorption takes place 
at a higher pressure than the oxidation stage (Evald, 2005). 
 
 
Moreover, the catalyst which is used for this process are typically consists of 
several woven or knitted gauzes formed from wire containing about 90% platinum 
alloyed with rhodium for greater strength and sometimes containing palladium. Air 
pollution and contamination from the ammonia can poison the catalyst (Bayless, 
2007). 
 
 
Figure 1.1 shows the national nitrogen oxides emissions by source sector in 
2002. The bar graph indicates that on road vehicles are the major contributor to 
emission. The emissions of nitrogen oxides (NOx) have decreased by 31% between 
1990 and 2002. In 2002, the most significant sources of NOx emissions were the road 
transport sector (36%), combustion processes from within the energy industries 
sector (21%) and industrial energy use (15%) and the non-road transport sector 
(16%) (Bayless, 2007). 
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Figure 1.1: Nitrogen oxides emission by sector (Bayless, 2007). 
 
 
 
 
1.2 Nitric Acid Global demand 
 
 
According to Merchant Research & Consulting Ltd (UK) consulting agency, 
the current global market for adipic acid is pretty well supplied, and the demand for 
industrial chemicals has been steadily growing. The global demand for industrial 
chemicals based on nitric acid grows by an average of 7% per year. The production 
of industrial chemicals based on nitric acid, adipic acid, TDI, nitrobenzene is located 
mainly in Western Europe and USA, with a recent output expansion shift to eastern 
Asia (Aftalion, 1997). 
 
 
 In India, the market for concentrated nitric acid has been developing at a 
quick pace (7% a year). Apart from the use of concentrated nitric acid by military 
enterprises, this product is applied in the manufacture of nitro-aromatic compounds, 
acrylonitrile fibre, pesticides, medicines, pigments. The highest growth of nitric acid 
consumption occurs in such sectors as pharmaceuticals and pesticides (Aftalion, 
1997). 
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The global nitric acid output tops 750-800 tons, only 15-20% of which enters 
the market and about 8-10% is involved in foreign trade. The remaining nitric acid is 
consumed by producers of nitric fertilizers, adipic acid, and other chemicals 
(Aftalion, 1997). 
 
 
Nitric acid is a basic chemical for the manufacture of the majority of 
nitrogen-containing products: up to 75-80% of nitric acid is used to obtain 
ammonium nitrate and calcium-ammonium nitrate, carbamide-ammonium nitrates, 
magnesium-ammonium nitrate, as well as various nitrogenous, phosphoric and 
potassium fertilizers (Aftalion, 1997). 
 
 
 
 
1.3 Objectives Research 
 
 
The objectives of this study are:- 
 
I. To recover NOx recovered as nitric acid. 
 
II. To study the effect of conversion with presence of iron (III) oxide as catalyst. 
 
III. To study the effectiveness of photo-catalytic method. 
 
 
 
 
1.4 Scope of study 
 
 
There are some important tasks to be carried out in order to achieve the 
objective of this study. The important elements have been identified for this research 
in achieving the objective: 
 
 
i. In this research, the method that has been chosen is photosynthesis and 
irradiation technique. The experiment was run in a photo-reactor with 1000 
watt Metal Halide Lamp, a lamp to enhance the photosynthesis.  
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ii. Fourier Transform Infrared (FT-IR) will be used to analyze the product at the 
of the experiment. 
 
iii. Study the effects of operating parameter such as temperature and flowrate.   
 
 
 
 
1.5 Problem Statement 
 
 
Nitrogen dioxide (NO2) is the most toxic of the oxides of nitrogen. In 
Addition to participating in the formation of photochemical ozone at ground level, 
nitrogen dioxide has its own particular health effects. The acute effects of nitrogen 
dioxide are both direct and indirect. The direct effects are damages to the cell 
membranes in the lung tissues as well as constriction of the airway passages. 
Asthmatics are, in particular, affected by those acute effects. The indirect effects are 
that nitrogen dioxide causes edema, or a filling of the intercellular spaces with fluid, 
which may develop into local areas of infection. (Ani, 2006) 
 
 
In recent research, there are several problems occur because nitric acid is 
corrosive to all parts of the body and contact may cause irritation, burns and necrosis. 
The problems that occur are equipment or piping failure because of corrosion. 
Besides that, there are also explosion hazard due to the air ammonia mixture and 
explosion of nitrite or nitrate salts (Ani, 2006). 
 
 
In order to avoid certain circumstances, the solution for the problem with the 
recent research was found. Firstly, use stainless steel equipment to prevent corrosion. 
Then, air ammonia ratio is continuously controlled and kept below the hazardous 
range. Safety is ensured by the automatic closure of the ammonia control valve and 
separate shutdown trip valve when too high an air ammonia ratio is measured, either 
from each individual flow meter or indirectly from the catalyst gauze temperature. 
Any free ammonia present in the nitrous gas will give a deposit of nitrite/nitrate in a 
cold spot. Local washing and well proven operating practices will prevent the hazard. 
Besides that, this research has more advantages compare to the recent by using 
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„green technology‟ which is the photosynthesis process with the catalyst. 
 
 
 
 
1.6 Benefit and Significance of Study 
 
 
The rationale of this research is that it could encounter environmental and 
health problems caused by the emission of NOx. Besides that, this research can make 
used of NOx in profitable way instead of emitting the NOx to atmosphere. Moreover, 
this method would create another solution for reproducing Nitric Acid with low cost. 
The most vital part of this research is that it could improve and reduce pollution and 
change the environment towards „green world‟. 
 
 
 
 
1.7 Thesis Layout 
 
 
Thesis layout is emphasizing the chapter in this research. There are generally 
four main chapters. In chapter 2, it will cover topics on properties and synthesis of 
nitric acid. Then, it will move to Ostwald and Haber process on production of nitric 
acid in industry. After that, came the formation of acid rain and its effect on the 
environment. 
 
 
In chapter 3, methodology of this research is included with the material for 
sample preparation. It also included the experiment set up and method. This chapter 
will explain about the sample preparation method with can be divided into three 
parts. Those parts are the effect of flowrate, temperature and amount of catalyst used.  
 
 
Chapter 4, focused on the result and discussion. The result of the experiment 
will be compared with the result from literature review and other references. If the 
result is valid with the literature and the optimization process is succeed, that mean 
our research is correct but if there are different value or result, that mean there are 
some mistake that had been done in this research. According to result, correction 
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must be made to point out the mistakes. Some recommendations are also important 
for future researches. 
 
 
Chapter 5 includes conclusion and recommendation. In this chapter, conclude 
all the various review and finding area in this work. Recommendation must stated in 
this research that can give more accurate result, using Gas Chromatography–Mass 
Spectrometer (GC-MS) will give the more detail component and composition of the 
product, and others step that can increase the accuracy of result for this research. 
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CHAPTER 2 
 
 
 
 
LITERATURE REVIEW 
 
 
 
 
2.1 Nitric acid 
 
 
Nitric acid (HNO3), also known as aqua fortis and spirit of nitre, is a highly 
corrosive and toxic strong acid that can cause severe burns. Colourless when pure, 
older samples tend to acquire a yellow cast due to the accumulation of oxides of 
nitrogen. If the solution contains more than 86% nitric acid, it is referred to as 
fuming nitric acid. Fuming nitric acid is characterized as white fuming nitric acid and 
red fuming nitric acid, depending on the amount of nitrogen dioxide present (Ana, 
1996). Figure 2.1 shows a sample of pure nitric acid with 100% fuming.  
 
 
 
Figure 2.1: Pure nitric acid fuming 100%  
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2.2 Properties of Nitric Acid 
 
 
Pure anhydrous nitric acid (100%) is a colourless liquid with a density of 
1522 kg/m³ which solidifies at -42 °C to form white crystals and boils at 83 °C. 
When boiling in light, even at room temperature, there is a partial decomposition 
with the formation of nitrogen dioxide following the reaction (Sherman et al., 2007): 
 
 
4 HNO3 → 2 H2O + 4 NO2 + O2 (72°C) 
 
 
The reaction means that anhydrous nitric acid should be stored below 0 °C to 
avoid decomposition. The nitrogen dioxide (NO2) remains dissolved in the nitric acid 
colouring it yellow or red at higher temperatures. While the pure acid tends to give 
off white fumes when exposed to air, acid with dissolved nitrogen dioxide gives off 
reddish-brown vapours, leading to the common name "red fuming acid" or "fuming 
nitric acid". Fuming nitric acid is also referred to as 16-molar nitric acid –– as the 
most concentrated form of nitric acid at Standard Temperature and Pressure (STP) 
(Sherman et al., 2007). 
 
 
Nitric acid is miscible with water and distillation gives an azeotrope with a 
concentration of 68% HNO3 and a boiling temperature of 120.5 °C at 1 atm, which is 
the ordinary concentrated nitric acid of commerce. Two solid hydrates are known; 
the monohydrate (HNO3·H2O) and the trihydrate (HNO3·3H2O). It is isoelectronic 
with the bicarbonate ion. 
 
 
Nitrogen oxides (NOx) are soluble in nitric acid and this property influences 
more or less all the physical characteristics depending on the concentration of the 
oxides. These mainly include the vapour pressure above the liquid and the boiling 
temperature, as well as the colour mentioned above (Sherman et al., 2007). 
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Nitric acid is subject to thermal or light decomposition with increasing 
concentration and this may give rise to some non-negligible variations in the vapour 
pressure above the liquid because the nitrogen oxides produced dissolve partly or 
completely in the acid. 
 
 
 
 
2.3  The Synthesis of Nitric Acid 
 
 
The NH3 produced by the Haber process that is not used as fertilizer is burned 
in oxygen to generate nitrogen oxide (Dean, 1992).  
 
 
4 NH3(g) + 5 O2(g) 
 
4 NO(g) + 6 H2O(g)  
 
 
Nitrogen oxide or nitric oxide, as it was once known is a colourless gas that 
reacts rapidly with oxygen to produce nitrogen dioxide, a dark brown gas.  
 
 
2 NO(g) +  O2(g) 
 
2 NO2(g)  
 
 
Nitrogen dioxide dissolves in water to give nitric acid and NO, which can be 
captured and recycled.  
 
 
3 NO2(g) + H2O(l) 
 
2 HNO3(aq) + NO(g) 
 
 
Thus, by a three-step process developed by Friedrich Ostwald in 1908, 
ammonia can be converted into nitric acid.  
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4 NH3(g) + 5 O2(g) 
 
4 NO(g) + 6 H2O(g)  
2 NO(g) + O2(g) 
 
2 NO2(g)      
3 NO2(g) +  H2O(l) 
 
2 HNO3(aq) + NO(g)  
 
 
The Haber process for the synthesis of ammonia combined with the Ostwald 
process for the conversion of ammonia into nitric acid revolutionized the explosives 
industry. Nitrates have been important explosives ever since Friar Roger Bacon 
mixed sulphur, saltpetre, and powdered carbon to make gunpowder in 1245 (Dean, 
1992).  
 
 
16 
KNO3(s) 
+ S8(s) + 
24 
C(s) 
 
8 
K2S(s) 
+ 
24 
CO2(g) 
+  
8 
N2(g) 
    
H
o
 = -571.9 kJ/mol 
N2  
 
 
Before the Ostwald process was developed the only source of nitrates for use 
in explosives was naturally occurring minerals such as saltpetre, which is a mixture 
of NaNO3 and KNO3. Once a dependable supply of nitric acid became available from 
the Ostwald process, a number of nitrates could be made for use as explosives. 
Combining NH3 from the Haber process with HNO3 from the Ostwald process, for 
example, gives ammonium nitrates, which are both an excellent fertilizer and a 
cheap, dependable explosive commonly used in blasting powder.  
 
 
2 NH4NO3(s) 
 
2 N2(g) + O2(g) + 4 H2O(g) 
 
 
The destructive power of ammonia nitrate is apparent in photographs of the 
Alfred P. Murrah Federal Building in Oklahoma City, which was destroyed with a 
bomb made from ammonium nitrate on April 19, 1995 (Dean, 1992). 
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2.4 Industrial Preparation of Nitric Acid 
 
 
Nitric acid is one of the most important inorganic acids. It is used in the 
production of fertilizers, dyes, drugs, and explosives. The major industrial method of 
producing nitric acid is the Ostwald Process. The starting materials, ammonia and 
molecular oxygen, are heated in the presence if a platinum-rhodium catalyst to about 
800ºc (Considine, 1974). 
 
 
 
 
2.4.1 Ostwald process 
 
 
The Ostwald process is a chemical process for producing nitric acid, which 
was developed by Wilhelm Ostwald. It is a mainstay of the modern chemical 
industry. Historically and practically it is closely associated with the Haber process, 
which provides the requisite raw material, ammonia. 
 
 
Ammonia is converted to nitric acid in two stages. It is oxidized by heating 
with oxygen in the presence of a catalyst such as platinum with 10% rhodium, to 
form nitric oxide and water (Sherman, 2007). This step is strongly exothermic, 
making it a useful heat source once initiated:  
 
 
4 NH3 (g) + 5 O2 (g) → 4 NO (g) + 6 H2O (g) (ΔH = −950 kJ/mol) 
 
 
Stage two (combining two reaction steps) is carried out in the presence of 
water in an absorption apparatus. Initially nitric oxide is oxidized again to yield 
nitrogen dioxide:  
 
2 NO (g) + O2 (g) → 2 NO2 (g) (ΔH = −114 kJ/mol) 
 
This gas is then readily absorbed by the water, yielding the desired product 
(nitric acid, albeit in a dilute form), while reducing a portion of it back to nitric 
oxide:  
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3 NO2 (g) + H2O (l) → 2 HNO3 (aq) + NO (g) (ΔH = −117 kJ/mol) 
 
The NO is recycled, and the acid is concentrated to the required strength by 
distillation. Alternatively, if the last step is carried out in air: 
 
 
4 NO2 (g) + O2 (g) + 2 H2O (l) → 4 HNO3 (aq) 
 
 
Typical conditions for the first stage, which contribute to an overall yield of 
about 96%, are: 
 
 
i. Pressure between 4 and 10 atmospheres (approx. 400-1010 kPa or 60-145 
psig)  
 
ii. Temperature is about 1173 K (approx. 900 °C or 1652 °F). 
 
A complication that needs to be taken into consideration involves a side-reaction 
in the first step that converts the nitrogen back to N2: 
 
 
4 NH3 + 6 NO → 5 N2 + 6 H2O 
 
 
This is a secondary reaction that is minimized by reducing the time the gas 
mixtures are in contact with the catalyst (Thieman et al., 2005). 
 
 
 
 
2.4.2 Haber Process 
 
 
The commercial synthesis of ammonia began, not with the peaceful use of 
fertilizer, but with the necessities of war. In the early years of this century, Germany 
understood that any war that it might have with England would, at least initially, 
result in the blockade of critical war materials from abroad. The most important of 
these resources was quano, manure from seagulls that roosted along the coast of 
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Chile. This quano was rich in nitrates and was the basis of the German manufacture 
of explosives. The problem was that it had to be shipped by the tanker-load across 
the Atlantic and past patrolling British warships (Sherman, 2007). 
 
 
But during this period, the chemistry of ammonia synthesis was being 
explored by the German chemists Fritz Haber and Walther Bosch who found that it 
was possible to produce ammonia from nitrogen and hydrogen by the process: 
 
 
N2 + 3 H2 2 NH3 
 
 
Previously the problem had been that N2 is a very stable molecule, and so 
most attempts to convert it to less stable molecules, such as NH3, failed because of 
thermodynamic or entropy problems. The secret to the Haber-Bosch process proved 
to be a catalyst of iron with a small amount of aluminium added (aluminium was at 
the time an exotic and expensive metal that probably attracted Haber's attention as a 
novelty). The Haber-Bosch process operates at high pressure so as to shift the 
equilibrium to the right, and high temperature to increase the rates of the reaction. Of 
course, operating at high temperature actually shifted the reaction to the left, but the 
trade-off for faster rates was accepted. By removing the ammonia as liquid ammonia, 
the equilibrium is continuously shifted to the right (Sherman, 2007). 
 
 
By 1913, the German chemical giant BASF (Badashe Analine und Soda 
Fabrik) had a plant operating in Ludwigshaven-Oppau, Germany making ammonia at 
the rate of 30 metric tons per day. Without question, this technology permitted 
Germany to continue making explosives and extended the war for many years. 
Agricultural uses: NH3 is used to make NH4NO3, which is an important fertiliser, and 
helped to ensure the western world could grow enough food on its limited farmland 
areas (Sherman, 2007). 
 
 
Explosives: NH3 is oxidized to NO2 and NO3, which is then dissolved in 
water to make nitric acid. HNO3 is the main starting reagent for most nitro-based 
explosives including TNT, RDX and Semtex (Sherman, 2007). 
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2.5 Nitrogen Cycle 
 
 
The nitrogen cycle represents one of the most important nutrient cycles found 
in terrestrial ecosystems. Nitrogen is used by living organisms to produce a number 
of complex organic molecules like amino acids, proteins, and nucleic acids. The store 
of nitrogen found in the atmosphere, where it exists as a gas (mainly N2), plays an 
important role for life (Fetzer, 1994).  
 
 
This store is about one million times larger than the total nitrogen contained 
in living organisms. Other major stores of nitrogen include organic matter in soil and 
the oceans. Despite its abundance in the atmosphere, nitrogen is often the most 
limiting nutrient for plant growth (Fetzer, 1994).  
 
 
This problem occurs because most plants can only take up nitrogen in two 
solid forms: ammonium ion (NH4
+)
 and the ion nitrate (NO3
-
). Most plants obtain the 
nitrogen they need as inorganic nitrate from the soil solution. Ammonium is used less 
by plants for uptake because in large concentrations it is extremely toxic. Animals 
receive the required nitrogen they need for metabolism, growth, and reproduction by 
the consumption of living or dead organic matter containing molecules composed 
partially of nitrogen (Fetzer, 1994). 
 
 
Figure 2.2 shows a nitrogen cycle at industrial area. In most ecosystems 
nitrogen is primarily stored in living and dead organic matter. This organic nitrogen 
is converted into inorganic forms when it re-enters the biogeochemical cycle via 
decomposition. Decomposers, found in the upper soil layer, chemically modify the 
nitrogen found in organic matter from ammonia (NH3) to ammonium salts (NH4
+)
. 
This process is known as mineralization and it is carried out by a variety of bacteria, 
actinomycetes, and fungi (Fetzer, 1994). 
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Figure 2.2: A Nitrogen cycle at industrial area 
 
 
Nitrogen in the form of ammonium can be absorbed onto the surfaces of clay 
particles in the soil. The ion of ammonium has a positive molecular charge is 
normally held by soil colloids. This process is sometimes called micelle fixation. 
Ammonium is released from the colloids by way of cation exchange. When released, 
most of the ammonium is often chemically altered by a specific type of autotrophic 
bacteria (bacteria that belong to the genus Nitrosomonas) into nitrite (NO2
-
) (Fetzer, 
1994).  
 
 
Further modification by another type of bacteria (belonging to the genus 
Nitrobacter) converts the nitrite to nitrate (NO3
-
). Both of these processes involve 
chemical oxidation and are known as nitrification. However, nitrate is very soluble 
and it is easily lost from the soil system by leaching. Some of this leached nitrate 
flows through the hydrologic system until it reaches the oceans where it can be 
returned to the atmosphere by denitrification. Denitrification is also common in 
anaerobic soils and is carried out by heterotrophic bacteria. The process of 
denitrification involves the metabolic reduction of nitrate (NO3
-
) into nitrogen (N2) or 
nitrous oxide (N2O) gas. Both of these gases then diffuse into the atmosphere (Fetzer, 
1994).  
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Almost all of the nitrogen found in any terrestrial ecosystem originally came 
from the atmosphere. Significant amounts enter the soil in rainfall or through the 
effects of lightning. The majority, however, is biochemically fixed within the soil by 
specialized micro-organisms like bacteria, actinomycetes, and cyanobacteria. 
Members of the bean family (legumes) and some other kinds of plants form 
mutuality symbiotic relationships with nitrogen fixing bacteria. In exchange for some 
nitrogen, the bacteria receive from the plants carbohydrates and special structures 
(nodules) in roots where they can exist in a moist environment. Scientists estimate 
that biological fixation globally adds approximately 140 million metric tons of 
nitrogen to ecosystems every year (Knight, 2004). 
 
 
The activities of humans have severely altered the nitrogen cycle. Some of 
the major processes involved in this alteration include the application of nitrogen 
fertilizers to crops has caused increased rates of denitrification and leaching of nitrate 
into groundwater. The additional nitrogen entering the groundwater system 
eventually flows into streams, rivers, lakes, and estuaries. In these systems, the added 
nitrogen can lead to eutrophication (Knight, 2004). 
 
 
The nitrogen from atmospheric sources was increasing the deposition because 
of fossil fuel combustion and forest burning. Both of these processes release a variety 
of solid forms of nitrogen through combustion.  
 
 
Livestock release large amounts of ammonia into the environment from their 
wastes. This nitrogen enters the soil system and then the hydrologic system through 
leaching, groundwater flow, and runoff (Pidwirny, M. 2006). 
 
 
 
 
2.6 Formation of Acid Rain 
 
 
The primary cause of acid rain, more accurately called acid deposition, is air 
pollution from burning fossil fuels. Fossil fuel use does not directly emit acids into 
the atmosphere. Instead, it releases large amounts of acid precursors, primarily 
